toimmune disease. By using gel filtration and affinity chromatography techniques, the vast majority of the patient's serum LD activity was shown to consist of LD-lgG complexes, which dissociated in the presence of added nicotinamide adenine dinucleotkje (NAD). Binding studies with tritiated NAD indicated that complex formation was not ascribable to a lack of circulating cofactor. The most likely explanation for the complex formation was the existence of LD binding sites on lgG molecules. The disruption of the complex by NAD might be explained by a competition between lgG molecules and NAD for the LD active site or by conformational changes induced in the LO molecules on binding of NAD. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Many such patterns have been shown to be the result of the presence of macromolecular LD, i.e., a complex between one or more LD isoenzymes and circulating proteins such as IgA (2, 4, 7, 8, 11-13, 16, 18), IgG (3, 9, 14, 15) , or /3-lipoproteins (16) .
Although macromolecular LD has been observed in a few patients with definite signs of autoimmune disease (14) , no convincing evidence was presented in favor of the suggestion that complex formation might result from the production of autoantibodies directed against LD (13, 14) . We describe a case of a patient with signs of autoimmune disease and macromolecular LD. Attempts were made to elucidate the mechanism of complex formation.
Materials and Methods
Total LD activity was determined at 30 #{176}C in a CentrifiChem centrifugal analyzer (Union Carbide Corp., New York, NY 10570) with use of the LDH-opt. were quantified according to Mancini et al. (21) .
Protein profiles were obtained by electrophoresis on agarose gels as described by Wieme (22) .
Immunoelectrophoresis was performed according to Radl (23) The radioactivity in the vials was counted for 5 mm in a liquid scintillation counter. The cpm were converted into dpm by the external channels ratio method. All results were corrected for the nonspecific binding obtained by substituting serum by buffer.
Case History and Results
The case of a 65-year-old man was being followed for rapidly progressing dyspnea, probably caused by idiopathic fibrosis of the lung. However, the patient refused invasive investigations. The most striking laboratory findings were (a) a polyclonal increase in the y-globulin fraction in the agar electro- The extent of LD inactivation after 30 mm at 60 #{176}C was comparable to that for normal control sera. The patient's serum LD activity remained stable for several months in samples stored at -20 #{176}C. The LD isoenzyme profile ( Figure  1B ) was characterized by a broad diffuse zone of LD activity.
The electrophoretic pattern was not altered by diluting the patient's serum with water or physiological salt solutions. Electrophoresis on agarose gel yielded essentially the same LD isoenzyme pattern as on cellulose acetate, thus ruling out the possibility of artefactual binding of LD to the cellulose acetate membrane (27) . The intra-erythrocytic LD isoenzyme pattern was completely normal.
The macromolecular nature of the patient's LD activity was demonstrated by gel filtration (Figure 2 ). Although we were not able to detect any LD activity on the precipitation lines When serum containing high LD activity with normal electrophoretic mobility was added to the patient's serum ( Figure 1B,C,D) and electrophoresed, the resulting pattern was not a mixture of normal and pathological; rather, the pattern was similar to that for the patient. On the other hand, incubation of the patient's serum with NAD (1 , 13, 14) before electrophoresis rapidly restored almost normal LD eleetrophoretic mobility ( Figure 1A) . To investigate the possibility that the macromolecular LD complex was dissociated in the presence of NAD, we incorporated this cofactor in the elution buffer during gel filtration of the patient's serum, at a final concentration of 1 g/L. As shown in Figure 2 , this resulted in a shift of the entire LD activity towards the zone of normal molecular mass. A, patient's serum; #{149}. control serum binding of 3HNAD+; in contrast, the control serum showed decreased binding, as expected, almost identical to that ohserved for the pathological serum.
Discussion
The presence in serum of macromolecular LD (2-4, 7-9, 11-16, 18) has been noticed on several occasions. The clinical significance of these unusually high-molecular-mass enzymes is still poorly defined. They were observed both in the serum of healthy individuals (e.g., 16) and patients suffering from various apparently unrelated diseases. Most of these cases have been explained by the formation of complexes between enzyme molecules and immunoglobulins in serum. The increased half-life of these complexes often results in an apparently unexplained constantly above-normal LD activity in serum. This also was true of the present case: investigation of a poorly understood increased LD activity led to the discovery of circulating LD complexes.
The LD isoenzyme patterns of sera containing macromo- However, this approach cannot rule out the possibility of a LD-Ig complex, because the active site of LD might conceivably be masked by the anti-Ig antisera. Therefore anti-Ig-Sepharose and protein A-Sepharose affinity chromatography of the patient's serum was attempted. In this way we were able to show that most of the LD was bound to IgG mo!ecules. However, association of a minor fraction of LD to other molecules cannot be excluded.
The atypical isoenzyme pattern, characterized by broadened and diffuse bands, suggests that LD is bound to molecules carrying highly variable numbers of electrical charges. It was thus attractive to attribute the normalizing effect of NAD (1 , 13, 14) on the LD isoenzyrne profile to a dissociation of these complexes. This hypothesis was confirmed by submitting the patient's serum to gel filtration in the presence of added NAD. Biewenga and Feltkamp (13, 14) classified complex (14) . The fact that the patient's erythrocytic LD displayed a normal electrophoretic mobility and the finding that exogenous normal LD also was complexed in the presence of the patient's serum indicate that the patient's LD is not modified in a way that would cause 
